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Studies  of  dark  adaptation  have  been  made  on  amoeba  (Folger, 
1925),  Volvox (Mast,  1927), some molluscs  (Hess,  1910; Hecht,  1918, 
1919,  1923,  1927;  Crozier  and Wolf,  1928),  an ascidian  (Hecht,  1918, 
1927),  Amphioxus  (Hess,  1910),  the frog tadpole  (Obreshkove,  1921; 
Hecht,  1927),  the  chick  (Honigmann,  1921),  and man (for references 
see Hecht,  1921,  1927;  and Hecht,  Haig,  and Wald,  1935),  but until 
recently (Hartline,  1929; Wolf and Zerrahn-Wolf,  1935) little informa- 
tion was available describing the course  of dark adaptation in arthro- 
pods in  any but the most  general  terms  (Hess,  1910;  DoUey,  1929; 
yon  Buddenbrock  and  Schulz,  1933). 
This paper reports a study of dark adaptation in the aquatic beetle, 
Dineutes assimilis commonly called apple bug, coffee bug, or whirligig 
beetle.  It was found  (Clark,  1931,  1933)  to be an excellent form for 
study.  It reacts well to light, is hardy and easily kept in the labora- 
tory,  and  can,  if necessary,  be used in repeated  experiments. 
Apparatus  and Procedure 
Starting with  the observation that a  specimen of Dineutes in the dark tends 
to move around the walls of a  container, an apparatus was devised by which all 
the  ommatidia  could  be  about  equally  light  adapted  and  in  which  the  insect 
could be oriented in  the same relation  to the stimulating  light for each experi- 
mental reading. 
The apparatus (Fig. 1) consisted of a turn-table composed of a ring moving on 
ball  beatings  and  supporting  a  sheet  of bakelite  with  a  square  opening  in  the 
center.  A piece of ground glass set flush with the bakelite covered the opening. 
An animal  compartment was formed by cementing clear glass walls to the ground 
glass.  The  turn-table  was  mounted  to  allow light  to  be  reflected  up  through 
the ground glass after being transmitted  through a neutral tint filter  or through 
a red filter.  The former was the adapting light, and the latter was used to view 
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the animals  while taking readings, as they are insensitive to the deep red of the 
spectrum. 
Another lamp was mounted to give a  horizontal beam, the intensity of which 
could be controlled by a  neutral tint wedge and filters.  This was the test light. 
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Fro. 1.  Diagram of apparatus used to test dark adaptation of Dine~e,s. 
The  experimental procedure  was  as  follows: An  insect  was  placed  in  the 
animal  compartment  and  a  white  unglazed porcelain bowl  inverted  over  the 
chamber.  The  adapting light  was  turned  on  and  the  insect  was  adapted  to 
light passing through the ground glass floor and reflected from  the white wails 
of the bowl.  This scattered the light so the intensity was  about equal from all 
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After light adaptation, the adapting light was turned off, the bowl removed, 
and the animal left in the dark for a known time.  Then the minimum intensity 
to which the insect would react was determined.  The red light was turned on to 
view the animal.  The insect usually moved around the walls.  If it was moving 
along the wall away from the test lamp and at right angles to the beam, the test 
lamp was turned on and the intensity was slowly increased until the insect turned 
toward the light.  If the insect reached the side wall of the compartment and 
started along it parallel to the beam before it reacted, the turn-table was moved 
one quarter turn to cause the insect to move across the beam again.  At some 
intensity the insect will turn and move toward the light.  The minimum intensity 
calling forth this reaction is called the threshold or threshold intensity and is given 
as log I  -{- 10. 
When the threshold was determined the time was  noted and the test lamp 
turned off.  The insect was left in the dark for a further timed period and then 
tested again.  Thus the threshold was determined at the end of a number of timed 
periods in the dark during the course of dark adaptation.  This was repeated with 
each of several insects. 
RESULTS 
Experiments  were  performed  using  light  adaptation  of  6.5,  91.5, 
and  6100  foot-candles,  and  curves  of  dark  adaptation  secured  for 
each.  The results are presented in Table I.  Each determination is a 
single reading from one individual. 
The data for each insect behave in the same regular manner.  As 
the intensity of the adapting light increases, the early threshold values 
also  increase.  Though  the  course  of  dark  adaptation  is  about  the 
same  for each adaptation  level, the final thresholds may vary.  To 
avoid averaging, the data of each set of readings from each insect are 
moved as a  whole up or down the log I  axis to bring them all to ap- 
proximately the  same  threshold.  This introduces no change in the 
curves of dark adaptation but does cause a change in the units in which 
intensity is measured.  The shift is made by multiplying the thresh- 
old intensity by a  constant  a.  This constant is probably related to 
the  condition  of  the nervous system as well as to the  transmission 
of the eye pigments, since it may vary from day to day in the same in- 
dividual (see insect V, experiments 1 and 2 at light adaptation of 91.6 
foot-candles).  The  value  of  log  a  for  each  set  of  data  is  given  in 
Table II. 
By plotting the log threshold ~  log a values against time in the dark 
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TABLE  I 
Dark Adaptation of Dineutes after Different Levels of Light Adaptation 
Each  datum  is  a  single  reading  with  a  single  animal.  Time  in  dark  is  in 
minutes; intensities  in log foot-candles  +  10. 
Light adaptation to 6.5 foot-candles 
Insect III--1 
Time in  Log I 
dark 
3.0  8.54 
5.1  8.09 
7.3  8.00 
10.9  7.85 
18.2  7.49 
24.3  7.34 
35.7  7.20 
IV--I 
Time in 
dark 
3.0 
5.9 
8.0 
10.6 
15.3 
22.1 
32.4 
Log I 
7.98 
7.67 
7.47 
7.35 
7.19 
7.02 
6.96 
IV--2 
i 
Time in 
dark 
3.5 
9.9 
11.6 
15.0 
Log I 
7.98 
7.51 
7.26 
7.16 
IV--6 
Time in  I  Log I  dark 
/ 
I 
2.2  8.25 
4.4  8.09 
6.3  7.89 
8.4  7.75 
12.9  7.37 
18.4  7.14 
24.8  6.93 
35.1  i  6.73 
Light adaptation to 91.6 foot-candles 
Insect IV--4  IV--5  V--1  V--2  VI--1 
Time in  Log I 
dark 
2.25  9.71 
4.4  8.76 
6.6  8.42 
8.8  7.95 
10.5  7.63 
15.1  7.34 
21.4  7.29 
32.6  7.06 
Time in  Log I 
dark 
2.6  9.16 
5.5  8.76 
10.1  8.36 
16.5  7.59 
23.2  7.35 
28.4  7.12 
35.6  6.86 
Time  in  Log I 
dark 
2.8  9.59 
4.8  9.02 
6.3  8.82 
14.2  8.28 
22.3  8.09 
32.2  7.75 
Time  in 
dark  Log I 
2.9  9.33 
4.6  8.86 
6.2  8.58 
7.7  8.27 
9.7  8.25 
15.4  7.83 
25.2  7.59 
32.6  7.28 
37.3  7.14 
T~nelm  Log I 
2.3  9.56 
5.1  8.35 
10.8  8.08 
15.9  7.75 
20.5  7.53 
27.7  7.39 
34.2  7.22 
Light adaptation to 6100 foot-candl~ 
Insect XIII--1  XIII--2  XVI--1  XVII--1 
Time in  Log I 
dark 
2.8  9.67 
8.4  8.78 
16.1  7.57 
19.4  7.69 
19.9  7.81 
32.7  7.06 
Time in  Log I 
dark 
4.7  9.89 
7.5  8.86 
10.0  8.44 
41.2  7.06 
XXV'I 
Time in  dark  Log I 
2.6  10.76 
6.4  8.82 
14.0  7.97 
24.1  7.48 
35.8  7.16 
XV--I 
Time in  dark  Log I 
3.3  10.38 
7.6  9.18 
14.7  8.68 
26.1  7.65 
36.3  7.24 
Time in  Log I 
dark 
4.1  9.36 
8.4  8.68 
15.8  7.77 
18.0  7.34 
31.3  7.04 
Time in  dark  Log I 
3.1  11.04 
5.6  9.79 
10.1  8.62 
19.2  7.83 
26.1  7.49 
38.4  7.12 TABLE  II 
Values of Log a, to Bring Data of All Animals to Approximately  Same 
Final Threskold 
Insect 
III--1 
IV--I 
IV--2 
IV--4 
IV--5 
Log a 
--0.20 
0.12 
0.15 
0.00 
0.00 
Insect 
IV--6 
V--1 
V--2 
VI--1 
XIII--1 
Log a 
0.15 
-0.73 
--0.24 
--0.23 
0.20 
•  Insect 
Xlll--2 
XlV--1 
XV--1 
XVI--1 
XVII--1 
Log a 
0.00 
0.00 
--0.35 
0.22 
--0.05 
~.0 
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FIG. 2.  Curve  of dark adaptation of DinevJes.  Open  drdes,  triangles, and 
dosed circles, individual observations after light adaptation to 6100 foot-candles, 
91.6 foot-candles, and 6.5 foot-candles respectively. 
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can be described by a  single curve (Fig. 2).  This indicates that the 
course of dark adaptation follows parts of the same curve irrespective 
of the level of light adaptation.  The intensity of the adapting light 
determines the level at which dark adaptation will begin. 
It is obvious that it is extremely difficult to  secure experimental 
values  for  the  so  called  instantaneous  threshold,  the  threshold  at 
zero time in the dark.  But they may be readily secured from the 
curve of Fig.  2.  When the instantaneous log aI is  ~lotted against 
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FIG. 3.  Relation between log of instantaneous threshold and log of adapting 
intensity. 
the log of the adapting light, the result is as shown in Fig. 3.  Al- 
though the relation seems Unear, it is more likely that the range of 
intensities covered falls in the central part of a sigmoid curve similar 
to that found for certain other organisms. 
Theory 
On analysis the data were found to be described by the equation 
for human dark adaptation derived by Hecht (1929)  on the assump- 
tion that the sensitive material is formed from two of its photoprod- L. ~. CLARK  381 
ucts,  and  that  the  concentration  of  sensitive material  is  inversely 
proportional to the logarithm of the threshold intensity at the mo- 
ment.  The equation is 
log air X log aI~ 
/~t  =  +  C 
log art -- log aI~o 
where k, may be considered similar to a velocity constant; t is the time 
in the dark; log It is the log of the threshold intensity at time t; log 
I, is log of threshold intensity at complete dark adaptation; and a  is 
the constant described above. 
COmputations of the  individual points yielded average  values of 
k, =  1.32, 1.48, and 1.28 for the three series.  These values are most 
probably not significantly different, a  conclusion shown by the draw- 
ing  of  a  common curve  through  all  data.  The  average  k,  for  all 
points was 1.37  and was used in securing the curve of Fig.  1. 
CONCLUSION 
Theory apart, it is obvious that  (a)  all the data fall on one curve 
and merely represent different starting levels on the  same curve of 
dark adaptation; and  (b)  the relation between the log instantaneous 
threshold and log adapting light is linear over the range covered. 
SUM-MARY 
The level of dark adaptation of the whirligig beetle can be measured 
in terms of the threshold intensity calling forth a  response. 
The  course  of  dark  adaptation  was  determined at  levels  of light 
adaptation of 6.5, 91.6, and 6100 foot-candles.  All data can be fitted 
by the same curve.  This indicates that dark adaptation follows parts 
of the same course irrespective of the level of light adaptation.  The 
intensity of  the  adapting  light determines the level  at  which dark 
adaptation will begin. 
The  relation  between  log  aIo  (instantaneous  threshold)  and  log 
of adapting light intensity is linear over the range studied. 
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